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The reason for studying the reaction of hydrogen atoms with hydrazine is th at a controversy has arisen in attem pting to elucidate the mechanism of the photochemical decomposition of ammonia. I t has been generally agreed th a t the ammonia molecule is decomposed to a hydrogen atom and an amine radical when it absorbs light around 2000° A. Presuming th a t the atomic hydrogen combines on the walls or in the gas phase it is possible to calculate what its stationary concentration ought to be under any given set of conditions. If, however, the stationary concentration is actually measured by using para-hydrogen as a detector, as was done by Farkas and Harteck (1934) , it is found th at the measured value is lower than the value calculated from the above assumptions. A number of suggestions, discussed in detail in the following paper, were made to explain this dis crepancy, and among the most reasonable was th at of Mund and vanTiggelen (1937) who suggested th at the hydrazine known to be formed in the system removed such atoms more rapidly than would occur in the ordinary course of events. The result of their suggestion was the invention of elaborate schemes to explain the mechanism of the ammonia photolysis. As a further essential step in the ammonia problem it therefore seemed necessary to measure the efficiency of the reaction between hydrogen atoms and hydra zine. At the same time further information was also desirable about the photochemistry of hydrazine itself. This paper will therefore be concerned with this aspect of the subject. The results will then be discussed in the following paper together with a number of new experiments on ammonia in order th a t the mechanism of the ammonia reaction may be more fully established.
Experiments by Dixon (1932) , using electrically produced atomic hydrogen in a flow system, have shown that atomic hydrogen readily interacts with hydrazine, producing ammonia, nitrogen and hydrogen. Unfortunately, it is not possible to deduce even approximately the velocity coefficient of this [ 164 ] reaction. The only satisfactory method is to compare the reaction with one in which the velocity coefficient is known accurately. The ideal reaction for the purpose is the conversion of para-hydrogen. One disadvantage of this method is th a t the velocity of the reaction under study should be comparable with th at of the para-conversion itself. If it is much faster certain modifications to the technique are necessary. This happens in the present instance.
Apparatus
A schematic diagram of the essential parts of the apparatus is given in figure 1 . A variety of reaction vessels to be described below may be attached at R by means of a waxed ground-joint. Hydrazine is readily absorbed P R F C F ig u r e 1. General diagram of apparatus.
even by Apiezon grease, and hence the reaction system is shut off from the remainder of the apparatus by a mercury cut-off C. The U-tube F was used for condensing out hydrazine and ammonia. Pressures are normally measured by a mercury manometer M.
is a combined Topler pump and gas pipette arranged so that a convenient volume of gas could be withdrawn from the reaction system for delivery to the analytical devices. This is absolutely essential in view of the fact that hydrogen and nitrogen are easily separated in being transferred along many centimetres of relatively narrow-bore glass tubing. If a number of small doses are removed from the reaction system this partial separation is much accentuated, with the result that the hydrogen percentage of a hydrogen-nitrogen mixture is always much too high. A further advantage of this arrangement is th a t hydrazine may rapidly be removed from the reaction mixture at high pressures by flowing the gases a few times through F. I t is a curious fact th at hydrazine, when mixed with high concentrations of say nitrogen and hydrogen, often escapes removal when passed through a liquid-air trap. This system is also employed to measure the pressure of gases, non-condens able in liquid air, present during the reaction. This is necessary since even with the above-mentioned precautions hydrazine is strongly adsorbed on the walls of the reaction vessel, so th at it vitiates the readings on the manometer M. However, by freezing out the hydrazine, withdrawing small doses by the Topler pump and expanding into a McLeod gauge the pressure of non-condensable gas can easily be measured with reasonable accuracy. Two Pirani gauges P and a micro-thermal conductivity analyser A of a type described previously (Bolland and Melville 1937) are also attached to the apparatus. Another precaution which enables the speed of the operation of the Pirani gauges to be increased consists in protecting each from hydrazine vapour by a U-tube cooled in liquid air. W ithout such traps the zero of the Pirani is variable, and the time required to get a steady reading may be as much as 30 min.
A simplified type of micro-thermal conductivity gauge is employed, con sisting of a tungsten spiral 0-1 mm. diameter, the gauge of the wire being 0-01 mm. with a resistance of 25 ohms at 20° C. Since the gauge is required for measuring para-hydrogen mixtures it is maintained at a constant temperature of 200° K while immersed in liquid oxygen. The potential required to maintain these conditions when the spiral is surrounded with gas at 50 mm. pressure is measured to 0-03 % by a high-voltage potentio meter (the voltage across the wire is about 4). For normal hydrogennitrogen mixtures the gauge is calibrated with known mixtures made up with the aid of the ordinary Pirani gauges, care being taken to prevent separation in manipulation. An unexpected effect arises during such cali brations. When samples of different volume but of exactly the same composition are used it is found th a t different voltages are required for balance. This effect is only appreciable with mixtures of about 25-75 % hydrogen. Its magnitude can be seen in figure 2 where the voltage difference is plotted against the volume of the gas in the analyser. W ith a little practice the volume of the dose during the reaction can be kept within reasonable limits so that this correction is small. I t would appear th at the phenomenon is due to some separation of the mixture by effusion effects, for the com parison capillary of the gauge is at room temperature while the gauge itself is -183° C, the two being connected by a capillary tube 0*05 mm. in diameter. Although the mean free path is of the order 10~3 mm. the effect is just noticeable with a fairly sensitive potentiometer. W ith mixtures of H 2 and D2 the effect is absolutely negligible. This correction is always applied when nitrogen-hydrogen mixtures are being analysed.
The para-hydrogen-normal hydrogen mixtures obtained during these experiments always contain a large percentage of nitrogen. A method of volume change (arbitrary units on capillary scale) analysing such ternary mixtures has already been worked out (Bolland and Melville 1937) . This, however, necessarily involves rather a lengthy calibra tion, and the gauge must be absolutely constant in its behaviour. With para-hydrogen the method may be much simplified in the following way. First the voltage (f^_Ha) is read for the mixture as received from the reaction system. The mercury in the micro-gauge is then lowered so as to bring the mixture into contact with a glowing platinum wire for about 5 min. when the para-hydrogen is completely converted. Another voltage reading (fequii.) is taken. These two figures alone will not provide sufficient data for computing the composition of the gas, since is not a true measure of the para-hydrogen content on account of the presence of nitrogen. If db is the same in both cases, then dV = dVs .
Thus it is easy to calculate from the nitrogen percentage of the mixture what percentage of para-hydrogen is present in any mixture. As the nitrogen percentage increases, the accuracy of the estimation of the para-hydrogen becomes less, but in these experiments the majority of the mixtures are low in nitrogen content. That the above simple theory is sufficient to account for the facts to a first approximation is shown by the figures in table 1. The fourth and fifth columns show the observed and calculated values of the change in voltage on converting para-hydrogen to normal hydrogen. Particular care is taken with the platinum wire used for the para-conversion to ensure th at no contamination of the mixture arises from gases evolved from the wire.
Para-hydrogen is prepared in the usual way by adsorption of normal hydrogen on charcoal maintained a t about 60° K. The para-content is measured in the following way. Even a t 50 mm. pressure with a spiral micro gauge the conductivity of hydrogen is dependent on pressure according to the simple formula where V is the voltage across the spiral at pressure and G a constant. From measurements a t a few values of p, is easily calculated for normal and for the given sample of para-hydrogen. From data given in a previous paper (Bolland and Melville 1937) it is then easy to calculate the paracontent.
Hydrazine was prepared by repeatedly distilling 33 % hydrazine solution in vacuo over potassium hydroxide in an all-glass apparatus. The liquid was stored over potassium hydroxide. The purity of the sample was checked by decomposition on a nickel wire at 900° C followed by analysis of the gas produced. Before use the hydrazine was frozen in liquid air and any noncondensable gas pumped off. Synthetic ammonia was purified by fractiona tion. Cylinder nitrogen was freed from oxygen by passage over active copper and through a liquid-air trap.
i/n = 1/F 2-(7/p,
Quantum efficiency of the reaction between ATOMIC HYDROGEN AND HYDRAZINE
Although the experiments of Dixon have shown th at hydrogen atoms react with hydrazine rapidly, it was first of all necessary in this work to obtain some idea about the overall efficiency of the reaction by determina tion of the quantum efficiency of the mercury-sensitized reaction. As only a vertical low-pressure mercury lamp was available the reaction system was arranged as shown in figure 3. The reaction cell was cylindrical, 6 cm. diameter and 2 cm. thick, the light from the arc being brought to a focus below the lower window of the cell; suitable diaphragms limited the size of the beam. Liquid mercury was present in the cell.
is a fused silica prism. A weak solution of uranium oxalate (0-005 m in oxalic acid 0-0025 m) was used as actinometric liquid, the precautions recommended by Forbes and Heidt (1934) being employed.
In order to avoid unduly long exposures of the actinometer solutions the following procedure was adopted. The total number of quanta up to 4000 A entering the cell was determined by filling the cell completely with actino meter solution. Immediately before and after exposing this solution 2 ml. portions of the actinometer solution were exposed for 5 min. in small crystallizing dishes above the lens L. A comparison of the rates of de composition in the dishes and in the reaction vessel was thus established for any particular set-up, and thus the accuracy of measuring the quantum yields was increased although the lamp conditions were maintained as constant as is possible. The proportion of the total radiation a t 2537 A was determined by interposing first a filter of acetic acid to cut off wave lengths shorter than about 2500 A, and second a carbon tetrachloride filter to cut out effectively any wave-length shorter than 2600 A (Melville and F ig u r e 3. A rrangem ent for actinom etrie m easurem ents. Walls 1933). In the 2 cm. thick cell the uranyl oxalate solution absorbs all the light at 2537 A, and hence it is necessary to measure what fraction of the light is absorbed by the mercury vapour. For this purpose the actinometer solution was placed beneath the reaction vessel. An exposure with a carbon tetrachloride filter was made, next a similar exposure with the cell filled with mercury vapour at 0-0012 mm. and hydrogen at 50 mm. to simulate actual reaction conditions, and thirdly an exposure with an acetic acid filter. As table 2 shows, there is not more than 5 % increase in the number of oxalic acid molecules decomposed in the third exposure, and hence it may be concluded that at least 95 % of the 2537 A radiation is absorbed by the mercury vapour. In absence of mercury vapour the rate of decomposition is increased by 40 %.
Owing to the strong adsorption of the hydrazine on the reaction vessel walls the decomposition could not be measured by the increase in pressure. Previous experiments (Dixon 1932) have shown th at the decomposition can be represented by H + N 2H 4 = NH 3 + |N 2 + H 2. The pressure of hydrogen and nitrogen can therefore be used as a measure of the amount of decomposition. In the experiments given in table 3 a small fraction of the mixture was withdrawn by the gas pipette, freed from hydrazine and ammonia and its pressure measured on a McLeod gauge. At the end of the run the hydrazine and ammonia were frozen out by liquid air, the hydrogen pumped out and finally the ammonia vaporized by replacing the liquid air with a C0 2-ether bath. At -80° C the vapour pressure of hydrazine is only 10-3 mm. Hydrazine pressures below 10 mm. cannot be usefully employed, and the hydrogen pressure was so chosen th at the majority of the excited mercury atoms were deactivated by hydrogen. The quenching radius of hydrazine has not been determined, but its square is unlikely to exceed 25 x 10-16 cm.2 (Mitchell and Zemansky 1934) . Under the conditions employed in these experiments 82 % of the atoms are deactivated by hydrogen. In spite of this high percentage it will be seen that the quantum yield of the reaction does not have the expected value of 2. As will be shown later this low value is not due to the hydrogen atoms recombining before they react with hydrazine. There are two probable explanations: (1) that if NH2 radicals are produced they may recombine to form hydrazine, (2) th a t not every mercury atom deactivated produces two hydrogen atoms. Together these factors could easily be sufficient to account for the observations. There are two possible mechanisms for the reaction, namely, h + n 2h 4-» n h 3+ n h 2 n h 2 ->£N 2+ h 2 and H + N2H 4 -» N 2H 3 + H 2 N2H 3 ->*n 2 + n h 3.
Both give rise to the same end-products in the same proportions, and thus no discrimination can be made in this way. Some facts favour the first mechanism. When hydrogen atoms attack ammonia they do not dehydro genate it but exchange positions if the energy of activation during the collisions exceeds 10 kcal. (Farkas and Melville 1936 ). I t is not unlikely th at the H atoms in hydrazine possess a similar reactivity and since, as will be shown later, the energy of activation of the reaction is only 5*3 kcal. it would seem th at the -N-N-bond is the more easily attacked. The ana logy with hydrocarbons also supports this viewpoint. Methane is attacked by atomic hydrogen, dehydrogenation occurring thus: H + CH4 -> CH3 + H 2. Ethane, on the other hand, instead of being dehydrogenated is split up thus, H + C2H 6 -> CH4 + CH3, the -C-C-bond being more easily attacked than the CH bond (cf., e.g., Steacie and Phillips 1938) .
Collision efficiency of the reaction H + N2H 4 -> NH3 + N H 2
In order to compute the velocity coefficient of this reaction the following factors require to be known: concentration of H-atoms and of hydrazine and the rate of disappearance of hydrazine. The most difficult factor to measure is the H-atom concentration. The method of measuring the rate of reaction with hydrazine has been detailed in the preceding section. As has already been mentioned, the only satisfactory method of measuring the H-atom concentration is to use para-hydrogen, since the rate of removal of the atoms by reaction with hydrazine is comparable with their rate of removal by combination. If this method is to be satisfactory then the rate of removal must be made comparable with the rate of conversion of parahydrogen. The conversion of para-hydrogen is a first-order reaction, th a t is ut = uQ exp ( -let), where u0 and ut are respectively the excess concentrations of para-hydrogen above the normal value at times 0 and t, and k a constant, k is further defined by k = k*(tL),
where is the sum of the partial velocity constants kt and k2, i.e. k = 4&2(H). k2 is the velocity constant for the reaction H + p -H 2 -> o-H2-t-H. Hence
where is the half-life for the conversion, k* has been determined by separate experiments, and therefore the concentration of (H) may be computed. Matters are, however, complicated by a number of factors which are peculiar to the reaction.
Arrangements were made so th at the temperature of the water bath surrounding the reaction vessel could be maintained a t any value up to 90° C. At higher temperatures an electrically heated furnace was employed. The mercury lamp was placed outside these thermostats and the light focused on the reaction vessel by a silica lens. The mercury pressure in the vessel was maintained at 0-001 mm., the gases being saturated with mercury vapour before entering the reaction cell.
An upper limit to the temperature a t which the reaction could be studied was fixed by the thermal decomposition of hydrazine. This reaction, which is probably heterogeneous, was simply investigated by freezing out the hydrazine and measuring the pressure of residual hydrogen and nitrogen. A similar experiment with para-hydrogen was carried out to measure the rate of its conversion. As tables 4 and 5 show, decomposition becomes marked at 200° C and appreciable conversion of para-hydrogen occurs. This latter is of course partly due to the hydrogen produced in the decomposition. Conditions were so arranged that such interfering factors were negligible in the actual experiments.
The procedure and methods of applying the various corrections may be briefly described in the following typical run. The requisite mixture of para-hydrogen and hydrazine was introduced into the reaction vessel, a sample withdrawn and analysed in the micro-thermal conductivity gauge. This sample of para-hydrogen was equilibrated to check the normal hydrogen voltage of the gauge. Next followed a period of illumination after which another sample of gas was withdrawn. First the voltage on the micro-gauge was determined, the mixture brought to equilibrium and the voltage redetermined. From previously constructed calibration curves the nitrogen and para-hydrogen percentages of the mixture were imme diately obtained. Another precaution which enabled more reproducible results to be obtained consisted in freezing out the hydrazine in the U-tube (F) attached to the reaction system. If this were not done, any hydrazine which passed through the liquid oxygen trap decomposed on the hot wire used to equilibrate the para-hydrogen. Simultaneously with the withdrawal of the gas for analysis a portion of the sample was admitted to a McLeod gauge and the pressure measured. By previous calibration experiments the pressure of hydrogen and nitrogen in the reaction vessel could be determined.
In table 6 typical analyses of the nitrogen percentage of the non condensable gas produced in the reaction are given. The percentage of nitrogen shows a tendency to increase with increasing decomposition and is much larger than the 33-3 % of the mechanism above. No theoretical significance has been taken from these results, since there is necessarily uncertainty in the absolute values. The tendency to increase is in all probability due to errors in the corrections applied for gas withdrawn for analysis. Such errors are cumulative. Further, the values are in effect percentages of percentages. Their importance is qualitative rather than quantitative, in that they clearly show the formation of nitrogen in the reaction. The collision efficiency was computed from the ratio of effective collisions to total collisions, th at is to say from
Collision efficiency d(N2H4)/d£ (H) (N2H4) (^H+rN2H4)2{^7r-^^7(VJ^H + V^N2HJ* V '
where rH and rNisH4 are the molecular radii and Mn and H4 are the molecular weights of atomic hydrogen and hydrazine respectively. V is the volume of the reaction system. The rate of hydrazine decomposition is calculated from the increase in non-condensable gas pressure during the reaction on the assumption of the reaction mechanism above. Corrections have been applied for loss of gas by withdrawal of analysis samples and for hydrogen being used up in reacting with hydrazine. Table 7 gives the values of this term in several runs at different temperatures. The concentration of hydrazine was measured by direct manometric observation of the pressure introduced.
The stationary hydrogen atom concentration has been computed from the rate of para-hydrogen conversion in the manner outlined above. Two corrections had to be applied, one for the nitrogen accumulating in the course of the reaction and the other for the normal hydrogen produced. The first correction has been discussed above and the second is given simply by where n is the observed percentage, p and Ap are the respective pressures of para-hydrogen and normal hydrogen. From the data in Geib andH arteck (1931) . The radius of the hydrazine molecule has not been experimentally determined. On analogy with the hydrogen peroxide molecule Penney and Sutherland (1934) have suggested a skew double Y structure which strictly cannot be treated as spherical. But for the present purposes we have taken the N-N link as 1*5° A, the N-H link as 1-02° A and the effective radius as the distance from the midpoint of the N-N link to the extension of the N-H link by the radius of the sphere of 5300 and 7220 cal. respective to the data for Jc* of Farkas and of Geib and Harteck. Since the activation energy is practically the same as th a t for the exchange in the para-hydrogen conversion, the relative rates of these two reactions will be temperature independent. The data in table 8 bear out this expectation. The steric factor has been calculated from the relation
where e is the collision efficiency and cr the steric factor. In table 10 are given the values for the different k* values. The only other bimolecular reactions in which the steric factors have been calculated are exchange processes with para-hydrogen (0-07), ammonia (0T), phosphine (0-25) and methane (0-4). These are all somewhat higher than th at of the reaction with hydrazine. The relatively low value of the collision efficiency for the reaction actually rules out the possibility of hydrazine playing any important part in deter mining the stationary concentration of hydrogen atoms in the ammonia photolysis. This can be shown most directly by the following simple con siderations. Suppose there is a mixture of say 10 mm. ammonia and 10 mm. hydrazine, then the problem is to calculate the effect of the hydrazine on the fate of the hydrogen atoms produced during the decomposition of the ammonia. The diffusion coefficient of the H-atoms in such a mixture is about 30 cm.2/sec. calculated from the ordinary diffusion formula. From Einstein's displacement equation x2 = 2 the time for 1 cm. away is thus 1-7 x 10-2 sec. In this time the atom will have made 1010 x yg°Q x 1*7 x 10-2 = 2-2 x 106 collisions with hydrazine molecules. Since a t room temperature the collision efficiency is of the order of 10~7, even with 10 mm. hydrazine, there is a much larger probability of the hydrogen reaching the walls than reacting with hydrazine. But when the quantum efficiency of the ammonia photolysis is being determined the total amount decomposed is usually around 0-1 mm. and therefore the amount of hydra zine produced during the whole run cannot exceed 0*05 mm. In actual practice such a high figure for the concentration of hydrazine is not reached in a static system and therefore hydrazine is definitely not responsible for the observed low stationary hydrogen atom concentration. In the following paper an unambiguous experiment is described which conclusively confirms the calculation made above.
Quantum efficiency of mercury-sensitized PHOTODECOMPOSITION OF HYDRAZINE
The decomposition of hydrazine by activated mercury atoms has been investigated by Elgin and Taylor (1929) , who compared this reaction with th at of hydrogen and oxygen in order to determine the quantum efficiency. Taking 6-5 as the quantum efficiency of the latter reaction they obtain a value of at least 13 and suggest a chain reaction involving the production of atomic hydrogen. I t can easily be shown th at in a mixture of 10 mm. hydrazine and 50 mm. hydrogen the fraction of mercury atoms deactivated by hydrazine is small. But the atomic hydrogen produced in such a chain reaction would seriously interfere with the determination of the stationary atom concentration by the para-hydrogen conversion method in the reaction of the previous section. Although the value of 6-5 for the photosensitized reaction of hydrogen and oxygen is now known to be too large it seemed desirable to redetermine the quantum efficiency of the sensitized hydrazine decomposition.
The reaction system was the same as th at shown in figure 3 and the uranyl oxalate actinometer was again used to measure the quantum input. The decomposition was observed on a Pirani gauge protected by a liquid oxygen U-tube as described above. The composition of the non-condensable gas was determined by a separate series of experiments. Typical analyses carried out with a thermal conductivity micro-gauge are given in table 11. . decom position nitrogen 5*6 11-9 49-1 6-2 24-2 50-8 4*6 24-7 51-2 5*6 33-3 51-2
It will be observed th at the ratio of hydrogen to nitrogen is close to unity in agreement with the results of Elgin and Taylor. The quantum efficiency has therefore been computed from the stoichiometric equation 2N2H 4 = 2NH3 + N2 + H 2. Extended decomposition runs showed the same rapid increase in total pressure to twice the initial pressure followed by a much slower increase as observed by the above authors. In table 12 are summarized the quantum efficiency determinations. The runs in tables 11 and 12 are all in the initial fast stage of the decomposition. Since ammonia has been shown to be a product of the decomposition by Elgin and Taylor the second reaction is to be preferred. It is improbable th at the amine radicals will interact in any other way than to produce nitrogen and hydrogen or to regenerate hydrazine. Ammonia is more likely to be formed by the interaction of N2H 3 radicals or by atomic hydrogen reacting with hydrazine. The latter reaction would imply a quantum efficiency of more than unity but it is to be noted that the quantum efficiency of this reaction was found to be 0-2 (per H-atom). The low overall quantum efficiency observed is in all probability due to inefficiency of the primary mode of decomposition. This inefficiency may be due either to hydrazine deactivating the mercury atoms without necessarily dissociating or to an efficient reversal of the primary mode. But the latter would require to be more than usually efficient since the probability of collision between the primary products and further molecules of hydrazine is large and, in the case of atomic hydrogen at least, such collisions are fruitful. Lacking definite evidence of a back reaction we prefer to explain the low overall quantum efficiency by inefficiency of the primary process, whatever it may be. At the moment there is no known technique of distinguishing the probable modes of dissociation. The method of Bolland and Melville (1937) of determining the fraction of the exchange of atomic deuterium with hydrides due to reversal of the primary process of dissociation is not applicable here since the energy of activation for decomposition is less than th at for exchange.
Primary process in direct hydrazine photolysis
As in the mercury-sensitized decomposition of hydrazine the most prob able modes of primary dissociation are disruption at the N-N link or at aN-H link. Here, however, a distinction is possible since the production of atomic hydrogen is detectable with the para-hydrogen conversion technique. But there is a serious difficulty in the fact th at hydrazine is an efficient inhibitor of the conversion. Since the energy of activation of the interaction of hydrogen atoms with hydrazine is comparable with th at of their exchange with para-hydrogen, it is of little advantage working at high temperatures where the chain length of the exchange increases. I t was observed above th at the addition of 10 mm. of hydrazine to 50 mm. of para-hydrogen reduced the stationary hydrogen atom concentration by a factor of 20. Even if the primary process of the direct photolysis has an efficiency of unity a high intensity of radiation from a spark source is necessary. For these experiments only a zinc spark generated by a 10,000 V, 4 kW transformer was available. In table 13 are tabulated para-hydrogen conversion runs in which hydrazine was the sensitizing agent. The efficiency of the reaction of atomic hydrogen with hydrazine has been measured in the temperature range 20-200° C by comparison with th at of the hydrogen atom-sensitized conversion of para-hydrogen. A static system is employed, the hydrogen atoms being produced by excited mercury atoms. The energy of activation is nearly the same as that of the parahydrogen conversion, namely ca. 7 kcal., and the steric factor is ca. 10-2. From these results it is shown that hydrazine is not responsible for the low stationary hydrogen-atom concentration in the photolysis of ammonia as has hitherto been supposed.
Although the hydrogen atoms react very efficiently with hydrazine the quantum efficiency of this reaction is only 0-4 instead of the expected value of 2. An explanation of this result is suggested.
It is also shown th a t photodecomposing hydrazine converts parahydrogen. This is taken to mean th a t the primary decomposition is represented by N2H4 + hv = N2H 3 + H.
The quantum efficiency of the mercury-sensitized decomposition of hydrazine has been found to be 0-37. An explanation of this unexpectedly low value is given.
A new simplified method of analysing the ternary mixture p-H 2-H 2 -N2 is described.
